
S O M E  C O M M E N T S  O N  T H E  F O R M  O F  T H E  D R A G  

C O E F F I C I E N T  A T  S U P E R S O N I C  V E L O C I T Y  

Richard N. Thomas 

ABERDEEN PROVING GROUND, MARYLAND 



9 .  
7 :, 

f iAi,L,P I C  R$;SE;AflCB LAJj(jF,A'rORY 

REPORT NO. 

Grdnhnce kpsearch and Levelep-  
ment Center P r o j e c t  No. 4007 

1 horuas/einh 
iiberdeen P r o v i n ~  Ground, Md, 
20 A p r i l  1%5 

Abstract 

A form of reprssentation of the drag e m  at  supreonic velocity 
is suggested. Only two anknown constante are required for  each ahell, 
hence firings at  two velocitlsa fix the function, For the case of a 
conical head and square h ~ e ,  the problem can be reduced tO one constant, 
Good exprlmsnttal confirarrtion is found. 



Ihe pbpe r  i s  colicernerl by': th presentin& seve ra l  comnents 
011  he s t  , t e  of' ~:ioh-Leake oi' trie g e n e r ~ . l  f 01-rfi oi' Lhe Mscn nutliker, 
cirag cotf'; ' icir ;lt r e l h t i o n .  In y ~ r  t i c u l h r  1-,t.e uiscussion cerzters 
&bout tkn e,i,jtiric;l prqriime'tlsr d h i c h  lzbs been folmd extremely use fu l  
i 'os Intcrpr~tilzs r e  turdat ion dat; srld for ex t rapc la t ing  bc-yond the 
rBandr. coverec~ by ~xpcr.i:ncnis tlj dtite. Unforl;u1~.tely, exterior 
~ ~ u l l . i s t i c s  i; sti1.i. clulte i n  tile s h g e  ol' relyink, on emplriczliy 
~ietef;iz.:lii~?- : parm:ezcrs; ca l l sequ~n t iy  it i s  highly des i rab le  to 
o b t a i n  L S  ~nucfi i r ~ : ' u ~ n & t i o n  a5 to Llle underlyin; p h y s i c d  p i c t u r e  
2 s  poss ib l t -  Troln  .each pas~meter . ~ h i z h  see,.ms tovkvarklT in al lowin& 
s rlii-tcl r L r p , t  01' i n t t ! r p o l a t i o n  o r  cxtrapalation t o  be bGsed upori 
sevhrr,2 measures or' its vr,iue. One such pdr;amet,cr see!ns-&o lie 

-a - a m t  tlic auttlor hi;s calleu t,he 4 f a c t o r ,  ahore Q = $1 + KDA+i 

7~y.ith i $ ~  tnu :tach nunijer ~r:d K' dcfir~er?. by the f o r c e  equation: U 

wrle1.c p ,  d ,  v, 1' air density, body ~iiar~le-ter, v e l o c i t y ,  and 
a i r a  r e s l s tGAnce  respec t ivc1y . -  Tile si;nif'iculct? of $ is t ha t  f o r  a 
& r e a t  .sny ! j roject ; i le  ~htzpes  tfie C: ~ : u r v e  is virtu~lly l i nca r  in 
;C akove a cer t ,bin  Mach n m b s r ,  t h ~ r e b y  reducif lg  the drag function 
t o  a. f w l c t i o n  of j u s ~  two parametem~na  thus g r e a t l y  simplifying 
its (Lett-rlrlirlhtion. ru r ther ,  i l l  trle case 01' a syuare b,,sed c o n i c d  
:~cddeci sheL1 11. is possible to y r c d i c t  ~ J I Q  s lope  of the -2, X 
rel~tion, re t luc ing  tile c i rsb  function to one urikno:l;n parameter. 

A. b e n e r d  ; i l s c u s u i ~ n  of' t h e  Drag r'urlctlon at Cupersonic 
Leioci t;, 

i ; s i c ; ~ s l y  tne re  are th ree  groups of p e o p l e  interested in 
the form of a clr;tb i'unctiorz; t he  t h e o r e t i c i a n ,  e x p e r i m n t a l  
b;l%i::tfcian, :,:~d t r l t ?  firink; t ~ b l e  compuccr, '11 have  tile su11e 
i tmediatc  end, ~ :?ce r t i~ inJ .ng  the ac t ion  of t he  air upon a body 
moving t ,u ro ,~ th  it, r ) ~ t  qu i t e  cxiiTerent u l t e r i o r  mot ives .  

1. T ~ E ,  f i r i r l ~  t a b i s  computur h;s an o b j e c t i v e  which is 
t h ~  m o s t  i ~ ~ l m e d i a t e i y  obv ious ,  Bn engineer in2  probiern t o  hit s 
~ l v e n  targct. i for  this he cdn of course  proceed p u r e l y  e m p i r i c d l y ,  
firink e v c r j  rk : l~e ,  p o ~ d c r  ch;-rrge, iiad e l eva t ion .  Such a pro-  
cedure is teuioiLls, so lie L a n s  t o  inkthematical experiment rnd 
cornput~s  ~1 t r , J e c t o r y ,  For this, cikta an the v e l o c i t y  dependence 
of the drag is riecessary. The hLs-t,ory of the a t t e a r t e  t o  f'orruuldte 
the  problem t r i u o r b t i c u l l y  is riel1 knohnj ~ l s o  thc  f i n a l  rlccesslty 
t o  t u r u  t o  e , n p i r i c a i  deterrnindtiun of the  drilg.* The l a s t  e f f o r t  
along tr,e znsljtfc representation was t h & L  using t h e  Nsryevski 
p roposa l  o f  represeutZlizg the  drag as  propor t i ond l  t o  power 
of the v c l o c i t y  b~i tn  pov4er hnd propar t iona l iky  f a c t o r  nolding 
only  aver  l i rni tea  v t e loc i t y  zones; t h e  exponent decreasing as thc 
v e l o c i t y  increased. Whilt? &-chis representaticrrr is not now in use, 



1-t2crr.:trjr it *i,,s ~ ~ c x l  not;eri* L,; ,t iC i 'ut' :;n~:le ! .~u l . l l ? t s  is r e i l  
L, 

r c :p re s rn t eu  by M ' in some :jup: p sun ic  r s g i o n s ,  c ::o-c:, l l a d  
1 ' 3 / 2 ~  l a w .  'i';lis g i v e s ,  of course, 211 s s / .np r ,o t i c  v;il11e of '  ;3 r 'or 
K,, h: M -.+a,. ::3 l ong  1.2; ill<; co:nputir  can F o J ? ~  ~ i t ! j  nCcur ; i te  

a,  t - , j  p, r t , : i n i n g  t o  r l i s  p a r t i c u 1 l . r  s i i c l i ,  ariu i n  t ' . c  rc t ; ian 
co3;precn b y  tnc  a:, t e a ,  Ile I.s reasonr,r;ly z ~ f e .  U s z l ' ~ ~ r t u n &  t t e ly ,  how- 
eve.r, t L 1 6  ;"el; t ior1 .)ctr cen ur t r y  rind w c l . ~ i n g  r e g i o n  o fcen  Peco,iles 
c :~nfbsed ,  .:T:M ignor ; .*nc~  (.s to tile p l y s i c k 1  n,turae oi'  t nc  ciritg: 
cu rve  i:ecorriei; crnL:% rr;,:-,sin&. 

a. Lo~ec t i i nes  x,;;e cl.ccurnc,y of tile ds.Lb i.s such  :;s t o  
i k : i ~ ~  ~ 3 f i ~ i ~ e ~ ; l . b . L ~  ciuiibt. ;3S t o  trie; LI'orm oib t f i e  CETV6?; i i  good 
e;iarnL3le is ti12 cucterrriination 01 J , P i g ,  1 L;~.:ow-'s ~ i - i o  CUT:ICS 
wi th  (ii-3 t i i  oi;~,;iint:d i rom Lfir.: :;bl:l6 4Sht?ll, de t r r io ined S ~ V C Y ; ~ ~  ys;:rs 

p :<. i? ti. , 

L. Sunle;-t,ixies L:le wrofig s n e l 1  i s  u ~ e c i  in 'FI .AE~ expc:r.i- 
I ,  r F i x i n g  t h e  l;r::g curve then beco,i;e:.s ->c ry  i i l i ' i c u l t  . 
i4 ig . ;! 2:-IOKS t i . 1 ~  expe ..ri:nental points  ~ t - i i c i ~  Were USBU LU G& t r  r:liine 
d,**. T.iC t:igrLy p o i ~ t s  wkre i tor  Lite correct sr lcl l ,  ;,nu sce::iec 
t.6 lit: :;clolri trlc ovc r l r j ; ?p in~  p o i n t s  i o r  trle second sr :el i ,  ;,nC so 
?pptl r e n t l y  the curve  \,:,I; rhtide t o  pess (;eloh t n e  eagc-rirr,e:;tr i 
po in t s .  'I'i.zus w l l i l e  J, i s  n 2 e r f e c t l y  xeL1-ueiined cir;!& i ' L n c . ~ i u n ,  
.t:,ile s:.!ell w h i u n  i t ,  re$rcr;ents is open t;o i:onjectu:.r-. Such 2 
p o i n t  is nt-;cLsb;iry to r e a l i z e  w ; - ~ t - . n  considering -the '.l'r-:-<.g t:;ncCiorz 
form. 

c .  Occ , ,> ionC+l ly  it is r€c;ue:ted t l _  .t I'irir:;; t t t i \Le$  F 

e ~ t ~ n u e d  td nuzzi~ v e i o c i t i t ; ~  i.!i&:iiel* tizr:n tr:;lst; coverec: ! , -  ii..i.. I- 
ink: s'un3til::n:: . 11~i .  h > tnout  ' t c n e f i t  01 i urt , i lclo i i r i n ; ; ~ .  L i r ~ c z  
tnis rc i  u i r e ~  c x t r n p o l : ~  t ion  01' ti:? a r zg   function^, ~ u n s i c : e r i ~ ~  L-.a 
cif'f i c u l  t y  i:> erL, )c r iknc td ,  Suck- ;J ri;.vision 01 stvex*; l. o i  t : . c ,  
s t ~ n t  :: raci i:r;g f m c t  ion:, is r m w  uncierwhy in t r l E  ca:iiputin,i_* C I ~ - < ~ : C ! I ,  

Con-idiir:-.bli ~ i f l ' f i c u l t y  h i  s L'OIU~U in W O T ' K ~ ~ E  h i  C ~ I  S ~ L C J L  L U ~ ~ ( ' I ~ ~ I ~ X ~ Y  

c s  J , wllerti t i l e  l 'unction nevcrs z l i r j .  g o  throuqn :,n) ~ x p r r l  ,tr!t.-iJ 
poin?si tnk aul:~or sugges t td  tLle  l i n t a r i t ; :  of tilt. 4 i4 ;nc~ ion  2,s 
provi~ing both Ln ::sjnlptot , ic u:~lue r o r  i: l:ti ;: r o i ~ ~  11 I ~ : ' r r i ;  i l 
is unilcrztoad tr! t tx~is i; ?fink, a t  .LC p ~ i r t i ~ i i y  ra-~ec,. 
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. . 'Tile t . r~r . :~re i ic i :~ .n  i l ; . . ~  beer1 cor:corneCL n'l.tll t i 1 3  px*ubic;n 
di- &.ll. yi;sist;ificz .:'or 2, lo r ig  ~ i ; a e  ,:s being  one 0.f l;;lc "btl$;ic!: 

-> . .;;r..olilc-cis rccc.nt2.i::d : t z c : l i  ',<;ri<,net:c? rriotj.c;n In tb r:l\?n-vacQuliL is 
d r  1% 1:; riot propo::ed ti, diacuz: ' .  . : ? ' ~ l l y  1;::~ " t ~ i ~ ~ c j r c ~ i . C ; l  
ash:,ects of l ,rob.ii:m h e r e j  L ~ I  c!xcollr;.nL k i i s t o l . i ~ i ~ l  sixfirnary 1s 
gi.-dt?n in j ,xr~~i;:,.-,: ~ ~ ~ o t l ~ ~ i ~ ~ ~ . ~ ; ~ i c  ~IIEOI-y . Vole 1; t,hz i i k ~ t ~ ~ ~ : ~ ~ a t i ~ ~ ~ l  kspect;3 
a r e  i ~ r a  f r l  kkr:uUr.i- Ijr~n5.l.eni 01.' r e s i s t knc r  i ~ i  c o r ; ~ p r c ~ s s i b l o  flUldc:, 
I"rocee~iv6:: n f  I.i bol.tu,~ C o r l ~ r e s s ,  i,one 1936; sad a ;~oof i ,  : l i r e c t  
sli;a.nb.rjr i'ro~;; :,fie :,oii..lc. c.f v.Leba~ m:' !;he ba l1 is t ic ih .n  is ~ i v e n  by 
i ; i r kho f f  i i i  ; liL ? , . e j i o ~ t  i,.:::. The i a s t  secms t u  the ~ . l t l z ~ r  a bit 
pessimistic: i i l  SCAE. SPO L S  co;:ccrni:l& ti.:& p o s s i b i l i t . j r  of' predicting 
<irLi;:,; ~ i i , !  :,l Lgc;-tly i i ~ i s l t z d i r r k  i:-i u t;hlr s siich 5 s  i:.::~: ::ec t;ion i n  
wrljch i-;. i:: ;.:t&te[j t i ~ & . t  i,c)l)d p h ~ ~ i . c b . 1  Y P L S G ~  'I'0.C' tiii:, ~ ~ C I ' U ~ S F  ,3f 

L L.LX/ i-;iis ILdvk21- i:irGg ~ ~ c f t ' i ~ i - . : l l t  i';i ti? v ~ l c c i ' t . ) ~  s ~ ~ ; : C , I ' S C ~ ~ ~ ' ~ V ~ L ' ~  ' '  
bc:Lll '3 ! ,  : - , / < , : A ,  bI lL  l:: G r l  : LIE:  , rh~l '? .  Li :;ooC~ 5 ~i1idilBT.Y. T i x t  ~i! . ich IS 01% 
~ l o i e  :;:I f a y  ;*L, ~1:t:: I;;lc;~rc:t;ict~l buork goes is tiklc prc?Gi.ctions; ae .Lo 
tile i ' i 'orm c,l' L i i : .  dr~ . ,~ :  ffur~ctlclll fz.il!r~ t h e  : ; u i ~ i 1 1  'uiL oi' thcoret ic ; : , i  

A .. . w,mrk C:X i s t i " ( l g .  i . a , s ics . I i j ,  i . r~ls  r so l~~ i s r ; :  of  t rdo l;'~rt:; only;  the 
. , T Q ~ &  i'raL;l sd-~::lLec> l j . ~ c ; ~ ~ i ~ ~ ( d  I+heopy ; , I -~c~-G th€ i : l i ' l ~ c : l ~ ~  of 

. , the ::hut$ ;$:+v,, i;:; ;lirti31~;~c!?d. L.;~L; h ~ n c e  c&r; ho.1,: ; I U ~ ; J  .:'or y "> . i .o jec t i l e s  
of vr:~*y L Z U ~ C  ~ i , i ; l [ i :  :;;LA :L ctr :nod~:-r.;; ce v?;.l.o< i t y ;  ail4 ';h(;, .YIot~ p z c t  hn 
.i.nr"inite c.:rt:le .'vhex*c ?+ ~T!.or:k is a s ~ t ~ r r ~ e 3  a t  t h e  ou-Lsa'; :,nu a cony!;l-,tit;.; t. 

: -o l .u t lon ?or. the floid I.)et\l;een it cnu t h e  shc;:::ll s:.lr.t'~ccr: fcuni!. Tile 
f i rs t  fir;.; iievt_.lape:j L y  A;risiln ,irili Moore 2nd Lhe 1.a::t o y -  Y ~ y i o r  hnd 
Macco!..l; t L i  thoul;'n :i:ox~ mudif  i c s t i o n s  h ~ v c  br:t+n ; n ~ c l ~  t c  traci~.* i.!ot.h 
01' these k,i'ie Y : x i  lur1r:;ion or Kl1 V E  x; 1 l a t t~ : r  o x v c t  

i solution n. , t lng 17.n acsymy~Loz;~.c ' i ~ ~ : - l ~ ~ t t  fol* t;he h i g h  v c : . L ~ ~ i t + y  jli;j; t . i L p  

former ;;l$~,rohj.~:-;:Le cjoiution ~ j . ~ e : ,  :; r;o;le::ln:it i.li,-;hes r;*tc )jf decr:;&::r; 
0 K i t  , irsijiiii Lo a zero v a ~ u e .  'Yiiii:? !.hc; con i - j l .  ~olution 
does ao't g i v e  ;n ~ r ~ ~ . : l ; l - t . i c  r;olu:i;:ir3rl j:'or tl?? IC ,.E,I rt. : ir ; . t lon; 311 

LJ 

d r a g  cesf f i c ie i l t  i;; vcr;  ncur1.y yropc;rtlo;l;l  tcl the: : .~*o( i i i c t  ii sinad,  
?:.:'ere 9 g - i \  e s  tt.e rressrlre r i s e  l'r::rff shock t o ,  side11 s i ~ r f i ~ c f . .  
wf i r s t  y i s e ~  r.i?,n :4 t h e m  l.';tlls t o  ;I c o n s t i ~ ~ ~ t ;  v;;.lue o l  



,he C O I L L ~ ~ S U ~ ~ U I L  ~f  ski!^ f r i c t i o : ~  to tile ?orin o f  the urag 
curve i s  i iLrge1y  untrnovm; c x i s t i : ~ ~  knohledgt. comes t'rorn a few 
estimstes from s p i n  dece le rc l t ion  Ineasures ~ n d  on values  c a r r i e d  
over f ro ,n  subsonic  experiment at e q u i v t ~ l e n t  Reynolds n u ~ : e r s ,  
An als,lfsis hbL9 I J L C - ~  ~ a d e  bj! Co;)e* I n c i i c ~ t i n ~ ;  t h s t  f o r  the Lrniilar 
c t ~ s e  i~ i compres s i  ble f luici t r ~ e o x y  furnishes a x';ir f i r s t  ~rpy~rclx i- 
n a t i o n  ,whiLe ~ h t ;  t d r b u l e n t  coefficient requires  c u n s i d e r ~ t i o n  of 
conpressilility eflcc t s ,  

L3~ l r l i tFa f :s  st trle bc;se ;re even l e s s  well known Methods f o r  
co~aput ink  the 1'10~ a row3  the corner of base a r ~ d  b o a t - t a i l  have 
been g i v t n  by l+'errirf** Unfortunately the rn~dels  f i r e d  t o  d a t e  
a t  t h e  i:ItL where the ci1'2g iine phys i ch l  measursmelzts h ~ v e  been 
known well snou{;h t o  cd r ry  ou t  t he  c a l c u l a t i o n  h v e  t he  complication 
of a f a i r l y  l a r g e  r o  t,;tin:, band \+hit=h makes unknown tbt. v i l ue  of 
the  a r t loc i ty  bci o r e  tLJe b o ~ r ; - t e i l .  m e  remark, however, i f  p e r t i -  
nent;the t o o  freqil ntly meue assurilption t h ~ t  b ; ~ s e  and head drag 
arc. inucpendent ckn possibly lcacl to quite erponcaus concl:~sions 
when one s t k t c s  that base is independent af hesd ra ther  than hc;d 
of base. Ihc  f h c t  seems q u i t e  oovious  when one considers thdt the 
pressurne c?u,ngt i n  the  expdnsiorr tlrounll the body-shoulder and 
a.g&ln tit the boat-tall-  depend on the  v e l o c i t y  a t  t h e  o ~ i v s  surfacej 
tne error seems nonetheless b rlot  iulcomon one in the  disc-dssicrn 
of' s h e l l  design and performance. In ceneraL, then ,the cone case 
can s e r v e  as s. guide t o  ?,he genernl form of d r a g  i 'unct ion,giving 
an asymptotic vs l . l e  of K greater  than zeroj askde from this 
t h e  theory  is y e t  to be k?eveloped. 

3.  The experimental ballisticlan is concerned with the 
form of the dra;; f'unct;ion from td3:;o standpoints; one in the deter- 
millation or" the drag c u r v e  i'or the computer; &:id the o the r  i i l  regard 
Lo s h e l l  desidri where a comparison of two shells is desired. 

essentially oi' f l ~ i i l g  over ti sisort bbse line alanp 3hich are 
placed severd l  (sornetrlintl greater than three tLming sthtiea.4- of 
one kina o r  zuother. She drag function i n  built up by firink, a 
number of rounds i ~ t -  v a r i o i l ~  muzzle velocitie8j each round fixing 
anenpoint on the drag curve,  Over thie $mast base line, the  
trajectory csn h e  kept qu i t e  f l a t ;  a d  if the launching conditions 
could b e  made per fec t ,  one coulC. f o r ~ e t  tne  angular motion of the 
proj t .c t , i le  ~ n 3  conline himseif t o  t h e  t~aas lz l to ry  portion. In 
such a cbse  t h e  zero  po in t  d r ~ d  l - a x t i o n ,  I,e. without 2aw, becomes 
e;sily cteterrrlinzrte from the  l i ~ i r l ~ s ,  bn(31 the e f f e c t  of yaw c;;n 
then be determilled at hny 01% till d e s i r e d  port ions o ~ '  the curve 
by d i s t u r b i r ~ g  the launchinL conditions. In p r a c t i c e ,  however, 
only vcr,, r , se ly  u r e  condi t ior ls  such t h a t  rounds having ze ro  
yaw are f i r e d ;  phrticularly is th is  t sue  in the firings ca r r i ed  
ouL in t h e  aorc~&jnamics range mere the  mcuracy in drag measures I t 

is well within the one pa r  cent mark, ao that yaws which wouid be 
inappre~ i : :b l t  i n  eff  ecc  under more crude ioeasuring conditions, here 

* - snow u,, niar.xt..c!ly. to one is faced with the  problem of  determining - 
both the c3JCe~1, of  y a w  anu tile zero poin t  curve from whZch t h i s  
e f f e c t  is to be neasured, The generai procedure has been to f i r e  



& ~ S C ~ S S ~ ~ , ~ - L  on t . 1 1 ~  ;o,l-.m or.' the c:llrvc t r i  I?@ expec tad  z ' 1 7 ~ m  shst i,i:eory 
t iAt;:p~ WLS-  ,s l lch i;. yasiance is q u i t e  r r ~ ; ~ s o i ~ n b l e .  'i'h3 on ly  rest L .ic t i o n  
illtsoljuc5d bjf u s i : ~ ~  ciie 2 f i t  is ~l-ia.t  "Lie rlurriLer oi '  F r e e  $,arljne t u r ~  
1s reiuccd Iroin L'j~roe t o  t::u. Just f a r  'illis rc;:;on it I s  e s p e c i s l l j r  
useful f o r  srclall v e l o c i t y  correctlonc;,  when tile d r u g  hhs been 
:neasured a t  only Lwo o r  t l x e e  y o l r l t s .  For more $ e r ~ e r ; ~ l l t y ,  the 
q u a d r a t i c  f i t  to K, i t s e l f  msy, of course,  bu s a b s t i t ~ t e ~ .  One 
po in t  srio:-~ld c e  i;oved, auS t h a t  i s  iiir obv ious  f j c t  tlia t this 
i a c t o r  t u s d s  of LLself to smooth m y  t i l spers ion  i n  K ;t th?  lev; 

lJ  
v e l c c i t y  en(:, Fouliily, 2. small c n k n ~ e  i n  k. is about i-lhlvecl i r i  tile 

L' 

rjuaatity i ) - l  i n  t n . i s  region. on L r l t  o the r  band, ~ O W B V C Z T ,  t h ~  
situtztiorl is r e v e r ~ e i i  ~ n d  m:;.h,iiif i e s  tiit-! eI8ror  i n  t;he h i g h  -b t , l o c i t j +  
end. (;2ii.ncc the $ L C C : J F ~ C ~  c':? int.; LUY!-:. i -5 1. ixe.lg LO be s ~ i r i k r : h a t  tlc t t ~r 
aZ; t;le lo i ier  v e l c c i t y  erld, t k ; i . r  ef-i'ect is ~ p p o s i t e  Lo t l ihi  wi12ck 
~rouZ:l tje desil4c:d so f 'kr + S  ~~11~0~t.hhl~-:~81%hli ietc;1* is concerned) . 

This r e p ~ e u c ~ i t a t i a n  was the l i  L 9 7 L i e d  t o  1 nulll:~c?r 31' re2 I S ~ ~ : I C U  

f~mc t ions  :"or :nich : h e  taxpel irr.?:~tt 1 po in t s  ,{ere knu.qn. ~ h t  
r ep re~en t ; r iu : l  h;s q u i t e  cc;oia;  s~ :he alc3tholA adop ted  t c l ; , t , t l ~ ~ L y  
i n  lube ':iilaiy.:.i 3 t:.c f :rFr:, .t :a1 r i e ~ d  gu t  i r l  tnci ,,+:rndy ,,,. ,nlc:, I ,.n, y .  

to Shr trle s:?su, t a  hhvd t i ken P ~ > L ' , "  sdt l  s f ~ l c t u r y .  l:i~e i j r o c ~  L : O I I L ~ ~  1 , ~  
: imply  -In . ~ 1 . . i i l &  several. p a i r i t s  01 C: iY  Y : ~ L ~ * I ~ c s ~  y a 5  o ' t l t ,~ in~ l , l ( -  , 
,,nd d e t r - r ~ ~ l r ~ i r m t  111t $, ..I r b l d t i  ~u ott.1. t-li: r eg ion  covt rtdtl. k L F  
14afr.b b r z  th tn currcete 1 ;ion,: t : ~  l in r  5,o ;- co.:mion ~ r e l o c  L t ,  , 
t h e  yav.-~r*,,t; s.f L ' L A C ~  tlzen T?zIIuv&>~. S: f j_ i 91' l l i l G  zCjro-pcLiI.tc- * ,-:I: 
i2etelrnint- I f!?~' ;;LA: t a t d l  nm13e1" ~f -wrrLc i , i t~  g ro7y ) s  I-.lri i,c u j ,  L, 
corrcct trill  _ U C . L L  b C U I - V ~ S ,  o r  t ~ t  a?-ct*;11 curve  i f  s:12L n ' i . 5  ' * r . i  
.tet;nn,ll.;d. I t  nr: tec11 f u c ~  I ,  t r ( , ~ ~  ,( r ,  ~ ; ' A & L ,  tiie i'il*;f j&i . r  : t ;  
ccL r5 ' t ion  i J L . 3  $ ! + l ~ S ' . i C i ~ ~ t ,  $ ? L J V  tclcti i~ JVLS r l O C  dhT!e O V E i  t ,  4 

exte r~Lt~h  r_ Y6 i O L ' ~ ~ ; J .  ~ t j w j z ~  ( Y U >  , 1 r: s trli.n 10.1 f t / ;ec .  j , 
(, r ' a z ~ o r  -- ' ,epr(  S r n C i  t i r r , ~ .  . l n f i y s .  i - lf ~ * r .  i; ;r:il 0 c : m p ~  L*I ~ c n  3 - I * .  ,,r . ,. . ,I . , JR: 

i s  cunsistept; $be, o tner  Fnows c~naiderabLe s c a t t e  
was not expJaingd i n  , $ & E ; , T ~ ~ c v S ;  d e e c r l 6 $ ~  $be fiF$ , 

.igii* p e n t A  of- i i l t q q g t  dh pqvioufily. Gk*Act  that tts * , ?  r 
.I GQqais a t  l e $ ~ t  u e r ' g ~ a & !  g the,  data; &yhd'~le a$iv&akoge 

-, the, pIi ~ e g r q e g t a ~ i o n  -44 c)I,)IJ~tj w <  a e  g e r q f @  tprn Q$ th,t + ,\ Q ~ ~ P K &  * ,  ?ir(r %+ 
fi ' @  ' %#emkvhht ' b e ~ ~ e ~ ' ~ ~ & ~ & ~ r n ~ ~ b h : ~ ~ b d  - bl18i@ . m ~ e  'apaf i n  4n e 

I I v > 
5 ak*rap~b$t$o~;  3 3  q d  , , , t~ t 

Z 



It is w o r t h ~ i i ~ i l e  t o  co:lsider tne 58 func t ion  i n  suaewhat 
greater cletul l .  ?he results upon ~ + h i c h  thLs furlct ion is based 
a r e  descr ibed  in bARC 4;/~l; a d  the f lmction intended by 
them f , ~  s e r ~ e  as a stsnclarc?, resistance law for modern str-turn- 
Lined pruJc .c t : l e  hav i r lg  6. sc;uk4re bhse G X L ~  O~IVLI hezd. this 
purpose cui*tsiaerable e f f o r t  w d s  ;,i;~de to represent the experiinental 
p o i n t s  by a n  aua1,ytic expression. For t h e  r eg ion  
;hove tk.= v c i a c i t y  01- souncl, i . e .  M >L.O idid suppo$edly h ~ l d S - ~ l g  
t o  K r A . 4 u ,  t h e  expression given is: 

qhere t h i s  formulii jvbs made t o  have secaad order  contact at M = W 
~ i t h  a corresponding one f o r  ~ i l e  sabsonic c k s e ;  ;nu t he  large 
number of f igures  are car r ied  f o r  this reason. In settin& up the 
expression, the  sSopr ,if vVas made zero  a t  if = i j .46,  It ( fH  is based - 

dX 
on the r a d i u s  r h t h e r  thhn Lhs diameter h s  i;l KU, hence fR = 4itb,) 

t 
Bhrs f orrtiula is ur~doubtecily very  useful in ri i ! r c s e n t l n ~  the 
expertmental data, and f o r  camputia~ p~ l rposes ,  b d t  d ~ e s  not give 
much of a tangi~lc Idea  as t o  t h e  physical form of the drh& 
c o e f f i c i e n t .  As am i n t e r e s t i n &  coi~.l:i,)arison, the r e s u l t s  using t h e  

fit snd tnis representation are  compared in Pigs. 10 a n d  17. 
lor the region ~ b o v e  M = 1.4, t he  p o i n t  below nhich the Q 
representation starts 1.0 curve,  For simplicity t h e  results a r e  
presented i n  the two . r~phs ;  the  ex1,erimental points being present 
on etch.  The british curve ~ 4 3  L i f t e d  bod i ly  fran 338J%2',8.7;/aL, it 
being q u i t e  l a L o r i o u s  to replot the  curve from the expression 
g i v e n  above. For the  snme reasou no residuals ase computed f o r  
t h e  fit of the d u t a  by t h ~  curve.  For the  Q representation, 
Elowever, thc  s t ~ n d ~ r d  devj.;ttion of  a slngle observalion is .(la3 in 
K , Ln vieit of the apparexlt s c a t t e r  of t he  points, the representa t ior  
d8es not seem t o  be t o o  bad. As t h o  Mach number decreases, so blso 
of c o u r s e  does t h e  accuracy of t h e  represer l ta t ion,  f o r  the actual 
K cusvc bends of f  dvhile t h e  Q repressntati~n g i v e s  & general  
zDcontinued r i s e .  The British frperimental points dnahd those 
used i n  che present c t l c u l ~ t i o n s  ~ i i 1 1  be  seen t o  differ s l i g h t l y .  
No t abu ld t io f l  of these points 'iJas a v a i l a b l e  t o  the author, $0 'they 
aere  rai.d Sraa  a small scale g rz sh  on - ~ b i c h  J8 iliLs p l o t t e d ,  some error 
be ing  introlr~uced i ~ z  t he  j)rocess. This g r a p h  ruas not  t h a t  in ;r.hRC 4 3 / ~  
and apphrently several  medn points  have been used i n  W i s  l a ~ t e r .  
In genera l ,  however, the comparison shoCLr1 be ;ood f o r  i l l f i s t m t f a g  
the  C; f a c t o r .  



'Ihs resul t s  of the I, repre~entation of the standard drag 
coefficient functions ur(2 ~ I v e n  i n  t ab l e  i, frmb %Re rel.ation 
Q = a + bM t he  a and b values  a re  l i s t e d .  For the functions J2 
~ n d  J 5 ,  :vhere t v ~ o  types  of  pro;ectiles -:;ere used, b o t h  types 
zre  kiven t o g e t - h ~ s  ~ i t h  the ~ t ~ x l d a r c l  d e v i a t i o n ,  in b; the results 
using both t y p e s  t oge the r  Is 2:lso g iven .  ft is seen thut t o  the 
significance of the dkta ,  there is no d i f f e s e ~ l u c  between the 
e h e l l s  f o r  J2; bu t  ;n t ippreciab2c dlfferexlce f o r  J5 i n  s p i t e  of 
the very  low z ~ c c u r a c y  of' the: resul t s .  A s  remarked i n  che fo~tnote 
on page 3,  the  c lose  reseiiiisi?Arice bctraeen the  two shells rnskes s o  
l a rge  ; difference c u r l o u s ;  b u t  since t n e r e  was only ; l i m i t e d  
velocity range covered b y  f i r i n g s  of  bo th  t y p e s ,  and t h e  dis-  
persion so h i ~ h ,  nnt mucn cdn be g b i ~ ~ ~ t i  by speculation. 

2. '10 show F: t y p i c a l  c j s e  u s i r i ~  dateL obta ined  w i t h  ruore 
~ c c w a t e  modern eci~ilpment tn? results from 21 r ece::t pro,  r a m  f f reii 
ln  Lhe ncrodynsrnics ran$@ &re given# The she l l  y4as L r n o c ~ i  oL :A 

proposed 90-75nm s ~ t b o t  t y p e  s h e i l .  The case is somewhat unusual 
i n  $om& respects  but c l e a r l y  illustrttes the u s e  and accuracy 
of t h e  Q facto~ f o r  G she l l  of siinple shape. 'Shis des ign  has a 
yoia ted  conihk~l  hekid, h a l f - ~ n g l e  = 12?J; snd b c y l i n d r i c a l  n f t e rbody  
in two lengths .  Cf .  i:Sb.ure 19,  , 3+ , I h e  shci: 11ad 
;: high  s t a b i l i t y   factor,-^.>; consequently an unusually h i g h  number 
of rounds with i l e g l i g l b l e  yhw (do raaximum yaw) were obtained. 
Comb-ined a i t n  the circurnstwices t ha t  ~ v k i l e  the  f i r i n g s  covered t h e  
Yangc Pi = 2.3M = 3 very few rowlcs hcid v e l o c i t i e s  nearly t h e  same, 
a somewhat d i f f e r e n t  reduction procedure ivas used. The rou r~us  of 
zero y;w were used Lo fix t h e  zero curve,  computed uy u s e  of  tne Q ' u - 
f a c to r ;  a d  t h e  yaw sfi 'ecl  then cumput,ed by assuming t h a t  K,, was 

L* " 

independent o f  v e l o c i t y .  Kppiirc-n~ly the supposition was j u s t i f i e d  
far  the  r e s u l t s  s ~ ~ o w  very  l i t t l e  dispersion. These a re  Liven in 
Table 2 an2 F i g .  18. 'fhe first of these, 22, hives M, Q, KD for  
the zeco ytiw case; suuscrigts Q a d  c denote observed and computed, 
'The l a t t e r  resul ts  f r o m  co~riputing tack from t h e  constants of the Q 
straight line fit af i b ,  14 by least squares t o  the 3 polats. l h e  
second %b g i v e s  t he  data  for* Lha she l l s :  with y ~ w ,  Three things 
should b e  noted.  

(1) The K, v a l u e s  cou~puttlcl on the basis of' rotatin$ band 
r s t h e r  than body tiikheter seemed t o  fit the observations b e t t e r ,  
axid so were ueed. 

(2) The 4, ;*I cu rve  de tern ined  f ron the s h o r t  body s h e l l  
tilone seemed to uorK cqualiy well on t,he longer body, so  all, points  
were useti in the find solution. X ~ o r  comhents on the  gror;ram, 
mhase xain r e s u l t  was the e f i e c ~  of budy l eng th  on viirlous of 
t h e  acrodyna~fiic c o ~ f  flcients, see I331, > 9 

a K ~  1 3 )  For cfle yaw representation, t h e  qu~ntity - 
Kn 1 W"z - 

p l o t t e d  veysus 5" ; i h ~ r e  Ad is the dif ference betwcun observed - TJ 
Uid computm 1; a:ld 1 is tlnt; 1 - e n ~ t h  of the s h e l l  d i v i d e 6  by the  D; 
l c m g t h  o f  the s h o r t e r  s h e l l  s a d  is intended t o  t ake  i n t o  account 1 



t he  grc;tez- ~ : r o J r l : c ~ e d  &red. 0:'' t h e  1 o n g . k ~  s h e l l  for a non-::elPo j r ~ u : .  

':;he r t :present ; t t ion ~111. 1;e seen $0 i,it: cxtre!r!el.y ~;ocru; tne: j,sr&est 
K x.esid;lhl 1:: :;eerL to be - 302  f o r  b ~ i h  zero ryln:? non-zero yajv 
U 

c ~ s e  co:t.rec tu:; f o r  Y;;VL. 'i'his stilo1m.t;s t o   bout .0011 st.&nrlard 
d e v i a t i o n  i r i  d or s l i g h t l y  less t h t n  1y LJ' i .  

? , ? 

2 ,.s (lac. bt:err ;~ent;l.o:leil the & f e a t  ~ e c o m e n d a . t i o n  of the 
f r -~c to r  l'rorn t i l e  yhy:ic;il i ~ o i n t  01% 7,iievi lies i n  i t s  p red ic t ion  

of' u:1 r;isyny; t otic, n o n - ~ ~ e r o ,  pos.it;i%is ~;.i.:i.~c 1131' K ,; '[ I., 1 cr . C; ,.' Uy Li&PEC'- 

ing r i i t i l  ii i : t , l ~  t i i eory  ext;nt. The i:xp1i,cat!?on shoiihi not  
bt? tiiksn, t!lclt t l ac rc  shoul~: c o w  ; ~ o i n t  at ah i ch  the: :!~jl::r?.toLFc 
K,, Is rc:i,cncfLi; on  the contr~ry .it 1s i,;uit~r! o b v i o u s  ti'icAt ;icl..lit.i011;-~1 
iHterbc?:j.on > ~ r t ; , i t ; ~ ~ - : n  h~:$ j . '  drl(i fjui.4 ,.,. L .  L I . : ~ ~ s  ~!l::.ce iv11en t h e  v e l i c i t , i t . s  
~ : jp~o; , . c i l ,  shy, tnose  of meteor.$. i \ i t ?~ iec t  o l  -qa r i t inc~ ,  af - f ? of' 
tho e f f e c t  o:' heu t c~,r i i !- ict i~n,  c t e .  ;;I1 i'cu:t e r ~ t e r  2.t vc:loc I. t.l.es 
: ~ h i c h  zre k ~ j , i i i  in 1,iic L a . l l i s t i c  c a ~ e  Lut re i , . . t jon~ibl~ l.u:.; r c l a t i v - e  
to  meteoric irt:l.oui.tics. In tLre s i lp~ : r so f i i c  rr;nge ol: L ~ ~ l l i : - l t i c  
concern, i~wt:'evi;r, C shoulcl fu rn i sh  t~ ;e ry  c.r,nvtl:nIenl: guic.ie for use 
in co:r,psrirlg p r o j 6 c t i l + d s .  I n f ~ c t ,  ~t the  r is l r  o f  fzlr.i;lier :o;l::iling 
t k c  alre;;i-!y i ~ i x i t e  corlr'used picture of b c , l l i s t i c  ter.minol.ogy, i t 
nli.ghr, bc: Zil,[;cst~ii:i t r iz t  the  t ;~r i i i  ''form factor ."  in :i t.s f:rt.s<:nt use 
;';~.LETc i:; S O S ~ T S  1.u t he  z.zt,io 01' t,xo d r k g  i;u~ctio:1s :..l-;j u s d s l l y  
anolmi,s t o , r l o t h i n &  1n.vre thzn t;n empirick!. f1.x f ' a c t o ~  lidhich v-hr.ie:t 
t i i t i i  v s l a c i t ~ ,  bu rcplaceci bjr t h e  s lope  n.nd interce; ; t  of .tkli: $ , J  >I 
r c l a t i o n  r ~ s  givinL :iiore phy:11:ljl;.y- ir~e;inl'uj. ~ , ~ r ~ : : i r t e : l ~ ~ .  From the  
foregoi.nt:  !.;,isc:~s:.:io:l ,:.rlG. r esa l t s  I t ,  &our4 i r l  &i;n(>:>al. ;j.)pes:" pozsibiz 
to c~ l l i p l e  1 ; ~ 1 y  i ? , e ~ ~ r i ~ f i  l,hc: d y ~ g  coefficient by f . F r s i f i t ,  at tv!:o 
v c l a c i t i ~ s ,  , sir,lcci t he  f"J.oi; 1~;;s~ ; cone ~ k !  COIX- 

3 u t e d  t h e o i b c ~ l i c t ; l l y ,  anl:l. O ~ C  ;;..ouSl ; jxpec t  t h e  liead ;,rc;.r;su-;.~-: t~o t ie  
~f- le  c h i ?  f *:;.LC tor,  31 t l : ~ ~ j t ; e j y ,  c o ~ n t , ; ~ r : L ~ ~ ~ i  of ~h_l,l=ul.t* ticl~n ,:'i 1;j.l f i r - i n ~ , s  
of L p r o j e c t i l e  wkti-1 cor-lzc;21 ,i lei*l. shoul.;i b e  hi,hl.y inter.<::., i i n ~ ;  
ror. a:qs!l,ming t..ht-:, L L ~ I : o x ' ~  -is ~ b l , ~ b : k  p ~ e d i c t ; L n ~  the: ssy:!i;)tutle 
d r a g  -ihtirc+ PC. m,:Li:ls ori ly ~ i i . c ?  ;jii<: urlir:loi$m p;r:z.rneter . 

'For tr l is  cumpl~.t;a,tior"l r i a t i  i s  hsd f o r  cyl in i i . r ic i t l  kCA sed 
pro j ec ti2.t.s i lzving c o ~ l i c . 1  I-zekds o f  130, 200, ?go, sc:rLi-vtrr7tc.x 
a n ~ 1 . e  ar, r k p o ~ t e d  by th? ijri.Li~L1 i r x  S$.I?HC 45/l.3, and ?;it,; corlcern- 
ing 1 . 2 ~  . . i ;;rlri 3: 53 zones f r h ~ f i i  t h e  c;erot<ynzmics range st, t , h ~  ;,I.: , 
No ~le: ,cr . ipt , ions of ;,he i : r i t i . c h  p r n j r t c - t i l e s  w e r ~  ;vr;lil;.,bl.c o lher  
trlan -Lila t they  :vi.rc &Ol r l i~ l  c l i ;  it,er.. D r a x i r ~ d s  oS the iiX. shelis 
a i i F i g .  9 11:; ::.,ti,-Led, t h z  rc:.sults f o ~  ?;lie 1.I1?1 co1-r~ 
&Ire.- i~d .y  d.iscu: s e d  \yere baseti on the b;;nA rl.-iaolelerh. 'J'hose for 
the 9 9 5 3  corlt! :ti;yt., ho;,-&-;ve-r., b a s s d  011 t he  body ;:mi rill L i i ~  nLsencc 
of ;:;!ec.ift'lc illfor;r!;,tia1 .it j.s expected  so b.lso Irderz- t h e  i;rlti.,ch 
results. :-0 l;;cv:,r;:.l of the  1271 ;?rojcct i le ,c:  hzvin~ t h e :  sii:riC: 

body .iis.n:et.sr #ere t~ cie-tsirniine a. Q, ?I r e l .h t iun  bt-ser! on 
bo<y i3 i L ~ m c t e r .  FoY tile ccj:irpu t ~ t  i ~ r ~ c ?  o n l y  ti-lose points ,:~ri-..i used 
for ,  v;i-,ich t h e  f .Low behind t,iie :-;Lock wsve is everyviilere ~i~;:(?r 'sonic.  
For the lJO, 325, i;?l c ; s c s  thii; i s  no restricticn s i n c e  L i i i :  

? ,- I:; t r u e  f ' o y  ;.I ) I . ,; for -t:i.;. ;GO ;>n:: ;13" C L S ~ : ;  t : ~ e  pa int;s :,re 
Y -  * . ., 
i 1 1 .  L The: l a - s i l .~~ :  a r e  ,Lis j ; t?d  L:. ;~O,!~ L:; LK. 

jn 
C; am! K ;*;Iit!I.i? t h e s e  rcf  e r  i,o c ~ i c u l s  Led i'rir,~~ t h e  expri,.:; x .ion* 

1, Do 
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2 1 - 1  
KO = ;(-& 1 x sin2g, = .6254 sin%s 
lini ting L + v+l 

ot;served t h a t  the tao ao not agree,  t h e  computed 
coxlsistenzly larger .  t h ~ ~ i  thtr t  observed. P l o t t i n g  

observed versus  con~puted, however, shows a s u r p r i s l a g l y  exac t  
l i nea r  relation 'uet7rec.n the two. r ' l t t i n g  this line by l e a s t  

> % 
squares in the form: I 

i 

and representia~ obtain5 thc  colum K *. The ZZnchr fit thus 
aeems very good. The r e s u l t  is q u i t L  !h te res t ing .  The s l o p e  
of Ghe curve zakes it ap;r:ear ;s thou& a fac tor  OC two  hjd been 
missed i n  tne expression ~ O T  LKD; checking hwever,  shoss no such 
e m o r  appareht,  The non-zero vs lue  of' d is surnewi~a"icasier to 
expla in ;  to the author i t  seem tha t  t h i s  must be the contribution 
of the  ro ta t in$ ,  b m d ,  which would he expected t o  r-,ct in just such 
a y a y .  So It woula appear  xhat t h e  s lope  of the  Q, M ~ r a p h  c a n  
b~ f e i r l y  accur'itely p r e ~ i c t c d  fo r  a conical head, blunt-Lased 
projectile Sy simgly taking hbl f  the theoretical K5 l i d t  snd 

adding a sli&ht correction f o r  r o t ~ t i n g  b m d .  This i ~ s t  ,vould 
~ L V F  to i ~ e  determiwd f o r  each  x i r i a n e e  of band reidtive to 
c h l i b e r ;  ae1*6 the rounds used from the  LK., had the  shme r a t i o ,  
tlnd appsrontly. t he  c,rf Cisil she l l s  ivers n o t  t o o  d i s s t m i l t ~ r .  

h Luess mii:ht be ma& E I S  tc; the h v;,iue r t l ffer ing frum unity. 
T F r c i t l y  the ;ssamption was irisdc thht In the limit th'e base con- 
tribution f e l i  out, i.a. vanished ss  s o l ~ e t h i q  1 c s s  than 24'. 
If ,  howevtr, t h a  value f e l l  oft '  d i rec t ) -g  as MA, &n adGitiona1 
term silould e n t e r ,  Soxue evir,ence tha t  t h f a  is the c k s e  can 1)e 
obtained by computing LiiLo f o r  G p r o j e c t i l e  similhr to t he  9 9 5 9  



*.Chis po in t s  stron,lbv dt  LAG h l r ( ? idy  too painfu l ly  obvious i s c t  
t h a t  c o n d i t i o n : ;  ut ii-le Ldse Lre t o o  unknown, tha.t not, only 
n ~ ~ i l o r  i c a i  dat;  bu-tr. ;i p f r y s i c ; ~ I  undcrs t and ing  oY Crie  coniii t l o n s  
tilere is O ~ E .  0:' t i ?e  rriost j>ressing 'btzl l . is t ic  problems. 



Z'kbLr I 
Q , c p r e s e x ~ t ~ ;  iorl of' Ltbndard Drtig Coefficients 

1 + = Q = J + ~ M  

"I !::ince the j" ancl J ? r o j ~ c t i i e : . s  art: 
7 t h e  same except for a 

b o a t - t a i l  on , J7, ~ k - 2 ~  is s l i g h t l y  s t i ~ r t l i n g .  The :;;we situation 

is reflectelj .  i n  the d r h b  : ' ~ r i i : t i ~ ~ i ~  ss U E B ~ ;  {;he two cross tit some 
point; r;rltl t he reaf te r  J., i s  tilt;; lower. i'hyslci3~;*lly Qiis does nu t  
a w e  much seilse, h~li;  f h m   ti^ ex;leriaental points is ~ o u l d  c e a  to 
~6 j a s t  refieci ;oi- l  o i  thtr; 2;~e;i; s cg t t c r  at i l iLh v e l o c i t 2  cad 
i r l  J7. T l l i s  is see11 bj- i i t ~ e r v i n ;  t i r e  rei .a t ive iiccuracy ic the 
delrrmi:lat ion oi' t n e  const:.~.nts a i,ni t, 7-31. J ,-.vid Jd.  7 "' , . 
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(I) F l l t t i l i L  a strdi&r,L lir,.; ~lnr.11 thc  ori;iil  and tt.1~: d t , ~ . ~ ~ e  points:  

( 2 )  P u t t i n g  a s t r h i g h t  lin- thru the ;bavc p o i n t s  g& t he  y o i ~ l t s  
of zero  yai: -.:J th s l o p e  r;s well G L  intGrce~t free: 









~ " H . E .  S H E L L ,  T Y P E  1945, FUZE B.O. ,MK V 

RESISTANCE FUNCTION J -  6 

3.3" SHELL ,  T Y P E  155 
R E S I S T A N C E  FUNCTION 3-2 



SHELL ,A .A . -3 ;~~ lg -FUZE ,  M K m  
RESISTANCE FUNGTION 3 - 3  

SHELL,H.E.-75MM,MKIPWFUZE P.D. ,MKm 

RESISTANCE FUNCTION 3 - 4  



3.3" COM.STEEL SHELL MK IC, F U Z E  P.D. M K Y  
R E S I S v T A N C E  F U N C T I O N  3-5 



STANDARD STREAMLINE PRO J ECTI LE 
5/10 C.R.H. 7i0 f0.6 BOAT TAIL 

RESISTANCE FUNGTl ON J - 7  

STAMDARD PRO JECTI LE 
5 10 C.R.H. CYLINORICAL BASE 

RESISTANCE FUNCTION J -  8 
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